Abstract.
Abstract.
An exact general solution is obtained for the nonlinear differential equation governing the one-dimensional steady-state heat exchange by composite radiation and convection along constant area fins with uniform temperature at the base and an arbitrary temperature gradient at the other end. The fin can dissipate or receive energy. The fin is assumed to have constant thermal properties, and the radiant interaction between the fin and the base surfaces is neglected.
Introduction.
Although the subject of heat transfer from fins and extended surfaces has been studied analytically and experimentally for almost two centuries [1] , the subject of radiating fins has only recently come under extensive study because of the interest in space and space travel. The assumption is usually made that the end of the fin farthest from the base is insulated.
Numerical solutions of the radiating fin problem using difference equations and computers have been published by Chambers and Somers [2] , Lieblein [3] , Bartes and Sellers [4] , and Callinan and Berggren [5] . Wilkins [6] and Liu [7] treated the problem of the minimum mass fin. Mackay [8] has outlined a method of successive approximations for use with a digital computer to solve the problem including variable area. Shouman [9] has shown that the problem can be solved. Hung and Appl [10] considered the heat generation and the effect of the variation of thermal properties with temperature.
Since convection heat transfer sometimes accounts for a significant portion of the exchange of heat, the purpose of this paper is to present the exact and general solutions for heat exchange by means of radiation-convection along a constant area fin with constant thermal properties.
The problem and its solution. The general case of a fin with a constant crosssectional area of arbitrary shape is considered herein. For reasons which will be made clear later, the positive x axis is chosen in the direction of increasing temperature for the case in which the fin transfers heat to the surroundings and in the direction of decreasing temperature for the case in which the fin receives heat from the surroundings. Assuming constant thermal properties, the steady-state one-dimensional heat flow equation is written as 
The positive and negative signs in Eqs. (3) and (4) 
and for the fin receiving heat as C2<rEPT3o/5kA)W2x = A(l, 6. ,r,C) -A(6, 9, ,r,C). Conclusion. An exact general solution is presented for the nonlinear differential equation that describes one-dimensional heat transfer by radiation and convection between a constant area fin and a surrounding space at an equivalent sink temperature. The fin can be either dissipating or receiving heat. The solution results in a number of functions that can be presented in tabulated form, graphed form, or both. The use of the solution is illustrated by considering an optimization problem. 
